Myoclonic epilepsy in Rhodesian Ridgeback (RR) dogs is characterized by myoclonic seizures occurring mainly during relaxation periods, a juvenile age of onset and generalized tonic-clonic seizures in one-third of patients. An 8-month-old female intact RR was presented for myoclonic seizures and staring episodes that both started at 10 weeks of age. Testing for the DIRAS1 variant indicated a homozygous mutant genotype. Unsedated wireless video-electroencephalography (EEG) identified frequent, bilaterally synchronous, generalized 4 Hz spike-and-wave complexes (SWC) during the staring episodes in addition to the characteristic myoclonic seizures with generalized 4-5 Hz SWC or 4-5 Hz slowing. Photic stimulation did not evoke a photoparoxysmal response. Repeat video-EEG 2 months after initiation of levetiracetam treatment disclosed a >95% decrease in frequency of myoclonic seizures, and absence seizures were no longer evident. Absence seizures represent another seizure type in juvenile myoclonic epilepsy (JME) in RR dogs, which reinforces its parallels to JME in humans.
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A novel genetic myoclonic epilepsy in juvenile Rhodesian Ridgeback (RR) dogs, characterized by vigorous myoclonic seizures that occur mainly during relaxation periods, recently has been described. 1 More than one-third of affected dogs develop generalized tonic-clonic seizures in the course of the disease, and 35% are reported to be photosensitive. 1 The mean age of onset is 6 months (range, 6 weeks-1.5 years).
1 Wireless video-electroencephalography (EEG) in unsedated dogs was used as a tool to investigate the spontaneous and recurrent epileptic nature and to characterize the EEG features of the electroclinical syndrome.
1 Ambulatory video-EEG confirmed the epileptic origin of the myoclonic twitches. 1 Typically, affected dogs show generalized 4-5 Hz spike-and-wave complexes (SWC) and polyspike-wave complexes (PSWC) with a fronto-central maximum.
1 Genetic analyses identified a fully penetrant autosomal recessive 4-bp truncating deletion mutation in the DIRAS1 gene, which is suggested to play a role in acetylcholine release. 1, 2 Myoclonic epilepsy in RRs has important parallels to juvenile myoclonic epilepsy (JME) in humans, including juvenile onset, myoclonic seizures as the predominant seizure type with propagation to generalized tonic-clonic seizures, similar EEG characteristics and photosensitivity. [3] [4] [5] [6] In humans with JME however, apart from myoclonic seizures and generalized tonic-clonic seizures (80-95% of patients), a third seizure type, namely absence seizures (approximately 30% of patients), is reported. 7, 8 In the following case report, we describe the occurrence of absence seizures in a RR dog diagnosed with JME, completing the triad of seizure types observed in humans with JME.
An 8-month-old female intact RR was presented for multiple episodes of unresponsiveness, staring into space without any visible purposeful movement. Additionally, the dog experienced myoclonic jerks that occurred mainly at rest. Age of onset of both entities was 10 weeks with myoclonic seizures being observed a few days earlier than the staring episodes. At the beginning, myoclonic jerks manifested as nodding movements of the head, but became more vigorous in the course of the disease. At time of presentation, myoclonic seizures were said to resemble an electric shock such that the dog would jump into the air. Photosensitivity was not reported. Prior treatment with imepitoin (12.6 mg/kg PO q12h) decreased the intensity but not the frequency of the myoclonic seizures and did not influence the frequent staring episodes. According to the owner, the dog's behavior was normal between episodes, and the dog did not show learning difficulties or any developmental delay.
Results of physical and neurologic examinations, as well as CBC, serum biochemistry profile, plasma ammonia concentrations, and abdominal ultrasound examination were unremarkable. Testing for the DIRAS1 variant identified the homozygous mutant genotype (c.564_567delAGAC). Unsedated wireless video-EEG with synchronized video recording was performed using an ambulatory EEG recorder a in a quiet environment in which the dog was encouraged to lie down, because the episodes in question were reportedly more likely to occur at rest. Fifteen subdermal stainless-steel needle electrodes were used (F3, Fz, F4, F7, F8, C3, Cz, C4, O1, Pz, O2, T3, T4, Ref, Neut). Electrodes were placed as described previously and could be placed without any sedation.
1 Impedance was kept <10 kOhm. Time of recording was approximately 2 hours. At the end of the EEG study, photic stimulation was performed, utilizing a lamp with circular reflector and a viewing distance of 30 cm. The following flash frequencies (in Hz) were used in this order: 1 -6 -11 -18 -7 -12 -16 -4 -25 -10 -17 -9 -14 -3, employing a period of 10 seconds of stimulation followed by a rest of 5 seconds per flash frequency.
Frequent episodes occurred, where the dog stared into the space and did not respond to any stimulus presented by us. Video-EEG confirmed the occurrence of generalized 4 Hz SWC associated with the staring events (Fig 1) . During these episodes, the dog occasionally would lower the neck and appear as if the dog were about to buckle (Video S1; 14:12:30 hours). The dog's behavior was normal before (Video S2; 13:54:58 hours) and after the staring events (Video S3; 14:13:11 hours). The dog also showed several vigorous myoclonic seizures (213 jerks in the first hour of recording) that were characterized by twitches of the face, cervical, and proximal limb musculature or the trunk, accompanied by generalized 4-5 Hz SWC with a central maximum (Fig 2, Video S4 Treatment with levetiracetam (24 mg/kg PO q8h) was initiated, and imepitoin was tapered. Owners were asked to keep a seizure diary. To ensure punctual drug administration, the owners used an automated dispensing machine that was filled with the pills embedded in treats. Owners reported a substantial decrease in seizure frequency and intensity, from multiple violent myoclonic jerks per day to 1 mild myoclonic twitch per week and a complete cessation of absence seizures. Two months after treatment onset with levetiracetam, a follow-up EEG was performed. One-hour unsedated video-EEG disclosed only 6 mild and hardly visible myoclonic seizures (97.2% decrease in seizure frequency compared to the initial recording), and absence seizures were no longer recorded.
Discussion
In human medicine, JME is a common type of idiopathic generalized epilepsy, accounting for 4.1% of all epilepsies and 26.7% of idiopathic generalized epilepsies. 4 Juvenile myoclonic epilepsy usually begins between 12 and 18 years of age, with a mean age of onset of approximately 14 years. 9 Myoclonic jerks usually occur after awakening, are bilateral, arrhythmic, and predominate on the upper limbs, making the patients drop or throw objects. 3 Most patients with JME continue to develop rare generalized tonic-clonic seizures, which often are preceded by a cluster of myoclonic jerks, and approximately 30% experience absence seizures. 7, 8 Photosensitivity is seen in another 30% of patients. 10 Electroencephalography identifies generalized and irregular SWC and PSWC with a fronto-central accentuation. 4, 11 Complete seizure control is achieved in the majority of patients, but relapse rate after antiepileptic drug (AED) withdrawal may be up to 91%.
12,13 Despite a strong genetic background with positive family history in at least 40% of patients and several genetic loci associated with this syndrome, no unique pathogenic mechanism has yet been identified. 9, 14 Juvenile myoclonic epilepsy in humans and dogs shares a wide range of similar characteristics such as myoclonic seizures, generalized tonic-clonic seizures, ictal and interictal EEG features, and photosensitivity. The disease occurs in juvenile patients in both species, but onset may be much earlier in a substantial portion of dogs, with some being as young as 6 weeks of age. 1 In the current case report, we describe the manifestation of absence seizures in a RR dog suffering from JME, highlighting another important parallel to JME in humans.
The International League Against Epilepsy (ILAE) defines absence seizures as "sudden cessation of activity with a brief pause and staring, sometimes with eye fluttering and head nodding or other automatic behaviors" with an obligatory EEG pattern of generalized spike waves. 15 This definition holds true for the behavior and EEG pattern observed in the dog described here.
Several theories have been advanced to explain the pathophysiology of absence seizures. 16 The initial hypothesis suggests that generalized SWC are created by a pacemaker in the brainstem and diencephalon (centrencephalic theory), whereas the "thalamic clock theory" assumes a pacemaker in the reticular thalamic nucleus. 16, 17 The "corticoreticular theory", proposing a thalamocortical network for the generation of generalized seizures and SWC, has attracted much attention. 16, 17 Although this concept postulates that the SWC seen in absence seizures are a consequence of the transformation of sleep spindles in the hyperexcitable cortex, another study concluded that, although both spike-wave discharges and sleep spindles arise from the cortico-thalamo-cortical network, the initiation site of the activity is different with sleep spindles emerging from the thalamus and spike-wave discharges from the cortex (cortical focus theory). 16, 18, 19 To our knowledge, only 1 other case report describes absence seizures with myoclonic features in a dog. 20 An 8-month-old Chihuahua was presented for staring episodes associated with head and nose twitching. 20 Diagnostic evaluation (neurologic examination and blood evaluation, magnetic resonance imaging [MRI]) was unremarkable. 20 Long-term video-EEG identified generalized bilaterally synchronous 4 Hz SWC time-locked to the clinical events. 20 However, the prevalence of absence seizures in dogs may be highly underestimated. In 1 study, owners perceived a generalized tonic-clonic seizure to be more harmful than a focal seizure and were less likely to report a focal seizure to their veterinarian. Similarly, owners and veterinarians might underestimate the impact of absence seizures or not even identify those episodes as being epileptic. Some patients with absence seizures may go on to develop generalized tonic-clonic seizures. Therefore, the clinician should specifically ask about the occurrence of absence seizures and educate the owner about the semiology of this seizure type. Moreover, a definitive diagnosis of absence seizures requires confirmation by EEG. In the majority of studies in which EEG was used as a diagnostic tool, dogs were sedated or even anesthetized. [22] [23] [24] [25] [26] [27] This technique makes the diagnosis of absence seizures challenging, because level of alertness or consciousness, a key factor for the diagnosis of absence seizures, cannot be assessed. Consequently, EEG should be performed in unsedated dogs to enable the diagnosis of absence seizures. 28 The dog in our study exhibited typical absence seizures characterized by impaired consciousness in association with generalized SWC with a frequency of 4 Hz. In human medicine, absence seizures are considered as transient impairment of consciousness time-locked to generalized 3 Hz spike-wave discharges. 29 In the current understanding, however, typical absence seizures that occur in association with idiopathic generalized epilepsies are characterized by generalized spike-or polyspike-wave discharges with a frequency of >2.5 Hz (mainly 3-4.5 Hz) similar to those observed in the dog of our study. 19, 30 In contrast, atypical absence seizures are observed in human patients in the context of cognitive-related conditions and symptomatic epilepsies (eg, Lennox-Gastaut syndrome) and are characterized by lower frequencies. 19, 30 Furthermore, the frequency of spike-wave discharges in absence seizures varies with different types of epilepsy syndromes in humans. 29 In JME, absence seizures with 3-4 Hz spike-wave discharges are described similar to the 4 Hz SWC in the dog described here and the Chihuahua with absence seizures with myoclonic features. 20, 29 Short elimination half-life time (90-120 minutes) prevents the use of valproic acid in dogs, which is the first choice AED in humans with JME, reaching effectiveness of 85-90%. 9 Therefore, other AEDs with an appropriate pharmacokinetic profile are used in dogs. Levetiracetam is another effective drug to treat JME in humans and is superior to phenobarbital for the treatment of myoclonic seizures in cats with feline audiogenic reflex seizures. 31, 32 For the RR in this report, treatment with imepitoin resulted only in mild reduction in intensity of myoclonic seizures, but frequency of myoclonic and absence seizures did not change. In contrast, much improvement of intensity and frequency of myoclonic seizures and complete cessation of absence seizures were achieved by levetiracetam treatment. Therefore, levetiracetam may be considered for the treatment of myoclonic seizures as well as absence seizures in veterinary medicine. However, more studies are warranted to confirm our observations. Our study had several limitations. Because there is currently only 1 case with proven absence seizures in a RR with JME, occurrence of this seizure type could just be a coincidental finding. However, humans with idiopathic generalized epilepsies can present with various generalized seizure types such as generalized tonicclonic, tonic, clonic, atonic, myoclonic, or absence seizures. 33 Therefore, absence seizures indeed can be a feature of JME in RRs. Moreover, several owners of RRs with JME that were presented to our clinics reported that their dogs were experiencing staring episodes. Although confirmation by video-EEG was not attempted in those dogs, these observations suggest that absence seizures might be a more common seizure type in RRs with JME than expected. In the present case, absence seizures were confirmed by EEG at the age of 8 months, whereas for the controls (1 affected and 4 healthy littermates), EEG was performed at the age of 10 months. Therefore, absence seizures could have been an age-related phenomenon that vanished over time. However, in contrast to the current case, owners of controls never observed staring episodes in their dogs. Brain imaging was not performed in the RR of this case report. However, the neurologic examination was normal and the dog tested positive for the DIRAS1 variant. In the previous study, RRs with JME had normal MRI findings.
1 Furthermore, the RR of this report had an EEG pattern of generalized epileptic discharges and no focal discharges. Taking these points together, we considered structural brain disease very unlikely.
The current case report describes the occurrence of absence seizures in a RR diagnosed with JME. Our findings expand the spectrum of JME to include a third seizure type and highlight the potential to use this dog breed as a large animal translational model for the investigation of pathophysiologic, therapeutic, and genetic aspects of JME in humans. Furthermore, the usefulness of unsedated wireless video-EEG for the diagnosis of seizure types and electroclinical syndromes with staring episodes is emphasized. 
